The increasing production of urban waste requires urgent responses because of various environmental problems that arise when urban refuse is stored in landfills or incinerated. Recycling of domestic waste and composting of its organic fraction has been indicated as a possible disposal solution. A three-year experiment was conducted to quantify the minimum rate of urban refuse compost (URC) addition able to improve some physical and chemical soil properties at the lowest cost and environmental impact. URC was added to a silty clay soil and to a sandy loam soil 0%, 3%, 6%, 9% rate (w/w). Samplings were made 12, 24 and 36 months after URC application. To study the only effect of compost on soil due to its interaction with the soil matrix, each soil-compost mixture was divided into three boxes and kept outdoors weed free. After 12 months, 3% URC resulted the minimum quantity able to ameliorate several soil properties. In silty clay soil this rate significantly ameliorated microaggregate stability and hydraulic conductivity, but negative effects were observed on electrical conductivity. After 24 months, 3% rate significantly increased soil organic matter content. In the sandy loam soil, after 12 months, 3% rate of URC determined a positive effect on organic matter and cone resistance in dry soil condition. Electrical conductivity increased at 3% URC addition. The minimum URC quantity affecting hydraulic conductivity and plastic limit was 6%, and 9% for the liquid limit. Under these experimental conditions, the lowest rate (3%) of URC incorporation to soils appears to be the minimum quantity able to improve most of the soil properties influencing fertility. What the results show is that, to achieve sustainability of urban refuse compost application to agricultural soil, further research is needed to investigate soil property changes in the range between 0% and 3%.
Introduction
In industrialized countries problems linked to the increasing production of urban waste require urgent responses because of various environmental problems that arise when urban refuse is buried in landfills or incinerated. Finding new dump sites has become more difficult, moreover landfills are also becoming increasingly expensive, as a result of the rising costs of construction and operation (World Wildlife Fund and The Conservation Foundation, 1991) . Incinerator ashes may contain hazardous materials, including heavy metals and organic compounds such as dioxin, exposing human and animal life to various risks (Hu and Shy, 2001) .
Recycling of domestic wastes has been indicated as a disposal solution (Poulsen et al., 1995; Yasuda, 1996) . For this reason, composting of the organic fraction of solid refuse should be encouraged (He et al., 1995; Turner et al., 1994) .
The Organization for Economic Cooperation and Development (1999) reports that only 4.62% of total municipal solid waste is composted. This suggests that an increment in urban refuse compost (URC) production is possible. However, URC can be used in agriculture only if the benefits to crop production are proven and any adverse effect on soil or water is acceptable (Council of Europe, 1995; de Haan, 1989) . The effects of URC on the chemical, physical and biological properties of soil have been widely reported.
A general amelioration of soil structure, porosity and hydraulic properties has almost always been demonstrated (Felton, 1995; Giusquiani et al., 1995; Khaleel et al., 1981; Pagliai et al., 1981; Vigna Guidi et al., 1989) .
A marked reduction of soil loss and water runoff has also been reported after mulch or manure application to soil with urban compost (Ballif and Herre, 1988; Kladivko and Nelson, 1979) . Bazzoffi et al. (1998) demonstrated a 3-year lasting increase in aggregate stability associated with a strong reduction in soil loss and water runoff after URC addition.
Associated with these positive effects, the application of URC may also induce soil pollution, due to residues of heavy metals and plastics. URC application can also result in nitrate losses, particularly in autumn and in the early winter. This negative effect, linked with organic matter supply to the soil, may be particularly relevant in Mediterranean areas, especially when the summer is very hot and dry. In fact, soil plowing is generally carried out in summer, with consequent acceleration of the mineralization of organic matter due to increased macroporosity and high temperatures. Under these physical conditions, occasional intense rainstorms, which often occur in summer and autumn, can produce macropore flow with high solute leaching and sub-surface transport of nitrates (Armstrong and Burt, 1993) .
In order to contribute to the definition of the proper use of these organic amendments at the lowest cost and environmental impact, this study focused on the minimum quantity of URC able to induce a significant amelioration of the physical properties of soil. Information is important and studies on this subject are still minimal. This paper reports the results of an experiment carried out in Tuscany to determine the minimum quantity of URC needed to improve the physical properties of two soils of different texture and the persistence of these modifications over a three year period. The experiment was planned to isolate the effect of compost addition on soil due to microbiological and physical reaction.
In fact, the complex interaction effect of plant roots on soil aggregation has been widely proved with contrasting results, and mainly depends on soil properties, plant and tillage types (Degens et al., 1994; Materechera et al., 1994) . For this reason the experiment was performed in boxes instead of being performed in the field, in order to have greater control over the experimental conditions and to exclude other masking factors such as the different plant root growth, water table oscillation, crusting, soil erosion, soil compaction by tractor wheels etc.
Materials and methods
The experiment lasted three years and was carried out in Fagna, Italy, at the experimental Centre of the Institute for Soil Study and Conservation of Florence, located in Tuscany in the Mugello valley, close to the Apennine mountains. The climatic classification of the area, according to Köppen (1936) , is Cfsa type (temperate with dry summer), with an average yearly rainfall of 1024 mm. The total amounts of rainfall during the three successive years were respectively 501, 817 and 962 mm. URC at several rates was added to two soils from the A horizon of a silty clay soil (soil 1) classified as Typic Eutrochrept and from a Typic Udifluvent soil (soil 2) with sandy loam texture (USDA, 1975; Jannone et al., 1984) at matric potential approaching -1.5 MPa. Compost was produced through a 30-day fermentation followed by pile aerobic maturation process lasting 2 months, starting from urban refuse that was ground after removal of plastics and metals by mechanical sieving and magnetic separators. This material is dominated by non-metallic materials, especially shell and glass fragments. This composition is quite common for poor composts derived from urban refuse not subjected to separate collection. Main soils and compost characteristics are reported in Table 1 .
Air dried soils were ground using a mill, and clods (aggregates) were obtained by sieving the ground material through a 4-cm mesh. Dry compost was added to soils at 3%, 6%, 9% (w/w), following a 2×4 factorial design with 3 replicates. A control treatment (no URC addition) was set up to assess the effects of compost application respect to non treated soils.
For each soil, aggregates were put in a cement mixer with compost, for 30 minutes, to form a dry mixture. For treatment homogeneity, the controls (0% treatment) were also mixed for the same time.
Each soil-compost mixture was divided into 3 wooden boxes (100 cm long, 50 cm wide and 20 cm deep). Each box was filled with 100 kg of mixture. Before filling, a 3-cm layer of draining rubble (1-1.5 cm size) was put on the bottom of each box. Subsequently, the 24 boxes were placed in cement containers to soak by capillary rise, for 24 hours, then placed to dry outdoors. Water level, inside the soaking tank, was set 1 cm above the strata of rubble. Wetting-drying cycles were repeated three times, at intervals of 7 days during summer, to accelerate the aggregation process of soil particles and compost reaction. The boxes were then placed outdoors on wooden pallets, set in a row, and covered with a plastic net of < 1 mm-opening size at a distance of 5 cm from soil surface, to prevent crust formation by raindrop impact.
Soil surface was permanently kept free of weeds with herbicide (Glyphosate).
Measurements were taken after 12, 24 and 36 months from the beginning of the experiment by collecting one sample per box.
The following variables were determined: a) particle size distribution, b) macroaggregate stability, c) microaggregate stability, d) Atterberg limits, e) bulk density, f) penetrometer resistance (cone resistance) at two water contents, corresponding respectively at -1.5 MPa and -0.033 MPa suction (12 months after URC application only), g) available water capacity (AWC), h) saturated hydraulic conductivity, i) organic matter (OM) content, j) pH (1:2.5 H 2 O), k) electrical conductivity.
The particle size distribution was determined using the hydrometer method and sieving (Gee and Bauder, 1986) . To evaluate macroaggregate stability, the mean weight diameter (MWD) of water stable aggregates was determined by the procedure described by Kemper and Chepil (1965) . Undisturbed soil samples of the surface (0-20 cm) were taken in triplicate. After drying at room temperature, the samples were broken down into smaller mechanical aggregates using a rubber hammer. The sample, passed through a 4-mm mesh and retained at the 2-mm mesh, was used for analyses. The MWD was determined on 25 g of dry aggregates of less than -1.5 MPa water potential. The samples were directly soaked for 10 minutes on the top of a nest of sieves of 2, 1, 0.5 and 0.25 mm immersed in water. The nest of sieves and its content was then vertically shaken in water by an electronic-controlled machine with a stroke of 4 cm per 10 minutes, at a rate of 30 complete oscillations per minute. The mass of oven-dried particles (105°C for 24 hours) that resisted breakdown was determined in each sieve. The mass of the fraction passed through the 0.25-mm sieve was obtained by difference.
The respective dry masses were used to com- pute the MWD according to Van Bavel (1949) , as follows:
( 1) where: MWD is the mean weight diameter (mm); Xi is the arithmetic mean diameter of the i and i-1 sieve openings (mm); W(i) is the proportion of the total sample mass (corrected for sand and gravel) occurring in the fraction (dimensionless); n is the number of size fractions (in this case 5).
Microaggregate stability, in the domain of the aggregated silt+clay particle's size, was measured with the Iif index (Chisci et al., 1989) as follows: (2) where: SCW% = % of silt + clay determined in the water-dispersed sample; SCC% = % of silt + clay determined in the calgon-dispersed sample.
The index of microaggregate stability was chosen to detect the effect of OM incorporation on small aggregates. In fact, humic substances linked to polyvalent cations may have increased cohesion between clay particles (Krishna Murthi and Huang, 1987; Monreal et al., 1995) , with a consequent increase of microaggregate stability.
Macroaggregate and microaggregate stability increase according to the increase of MWD and Iif indexes respectively.
Atterberg limits (liquid and plastic limits) were chosen to detect the magnitude of the range of the moisture contents over which the soil is in a plastic condition. Plastic limit is the lowest moisture content at which the soil can be rolled into threads 3 mm in diameter without the threads crumbling. The increase of the plastic limit is often considered positive with respect to the capability of soil to be tilled (soil workability) (Hillel, 1980; Dexter, 1988) . Liquid limit indicates the minimum water content at which the soil changes from a viscous liquid to a plastic solid. An increase in the liquid limit of a soil is considered positive, especially in clay soils, due to the decrease of risk of landslides. Both limits are strongly dependent on the colloidal fraction content of soil (Yong and Warkentin, 1966) .
Atterberg limits for different soils and treatments were determined according to Bowles 1986) . Bulk density was performed using the core method (Blake and Hartge, 1986 ) at 0-5 cm depth. Sampling was done in dry conditions approaching -1.5 MPa water content. In-field cone resistance was measured by a self-recording electronic penetrometer (Eijkelkamp Agrisearch Equipment BV -The Netherlands) following ASAE standard procedures (ASAE, 1982) . This analysis was chosen in consideration of the correlation, demonstrated by different authors, of cone resistance with some quantitative and qualitative parameters, such as wheel compaction, crustability, compressibility, workability, erodibility, bulk density, root growth, seedling emergence, plant yield etc. (Bradford, 1986; Dexter, 1987; Raper et al., 1994; Taylor, 1971; Whalley et al., 1995) . Penetration tests were performed at field capacity and wilting point water content (-0.033 and -1.5 MPa respectively -Bradford, 1986) .
Available water capacity (AWC) was determined as the difference between water content % (w/w) at field capacity (-0.033 MPa suction) and wilting point (-1.5 MPa suction). The two water contents were determined using pressure plate apparatus (Klute, 1986) . Hydraulic conductivity of saturated soil was determined in the laboratory by the constant head method according to Klute and Dirksen (1986) .
Organic matter content was determined following the wet combustion technique (Walkley and Black, 1934) . Electrical conductivity was measured by the 1:5 (v/v) soil:water extract method (Rhoades, 1996) . Different statistical analyses were carried out using ANOVA. By considering that four rates of URC were used in the experiment, equally spaced from each other, the main effects on soil properties have been partitioned into three orthogonal contrasts (linear, quadratic and cubic). Through ANOVA, the LSD mean separation was also determined. Furthermore, the month x URC interaction was determined when soil properties were measured at different times from URC application.
When a linear, quadratic or cubic trend was found, the corresponding equation coefficients were determined by running regressions on the treatment levels (X) for the linear case, on the treatment levels (X) and X 2 for the quadratic fit and on X, X 2 and X 3 , for the cubic fit (Nemec, 1991). Iif = 100 -· 100 SCW% SCC%
Results and discussion

Size distribution of primary particles
Particle size distribution of < 2-mm particles of the silty clay soil showed an increase of sand and a decrease in silt and clay fractions with increasing rates of URC addition. The difference between control and treatment samples reached the statistical significance only for the sand fraction at 6% and 9% rates of URC addition (Table 2) .
Similarly, the sand fraction increased in the sandy loam soil but statistical significance was reached only for the highest rate of compost addition. Both soils showed a significant linear increase of total sand content and in the sand fraction in the classes 2-1 mm and 1-0.5 mm ( Table 2 ).
In the silty clay soil a significant linear and quadratic effect was detected (Table 6 ). This effect may have been produced as a consequence of the high content of these particle size fractions in URC (Table 1 ). The possible effect on soil texture (USDA, 1975) of repeated application over 9% of cumulated URC addition can be extrapolated from linear trends of variation of sand, silt and clay (Tables 6 and 7) , obtained by orthogonal contrast analysis in the range 0-9% of URC. Silty clay soil tends to change towards a loam texture at URC rates > 50%. On the contrary, the same amount of URC seems not effective in changing the textural class of the sandy loam soil.
From these estimates it can be argued that the original silty clay matrix is more prone to textural change than the sandy loam one.
Structural stability
In the silty clay soil, the MWD of water stable macroaggregates was significantly increased 12 and 24 months after URC application with respect to non treated soil. This effect disappeared after 36 months (Table 3 ).
In the sandy loam soil, after 12 months, the differences of MWD with respect to non treated soil were not statistically significant (Table  4) . After 24 months URC increased the MWD of water stable aggregates. Statistical significance for differences increased in accordance with the increase of compost addition and a clear mean separation was observed comparing 0% and 9% rates. After 36 months, the effect of compost on MWD became more evident and a significant mean separation was observed starting from 3% rate of URC addition.
After 12 and 24 months in the silty clay soil and after 24 and 36 months in sandy loam soil, the structural stability of macroaggregates showed a significant linear positive trend with the increase of URC addition in both soils. This finding demonstrated the effectiveness of URC addition on this important parameter of soil fertility, already starting from 3% rate.
After 24 and 36 months following URC addition, microaggregate stability (Iif index) of both soils was generally higher than after 12 months (Tables 3 and 4) , This effect was detected also in the control soil (0% URC). In fact, microaggregate stability significantly increased after 24 months where no compost was applied (0% rate). This effect was likely to have been caused by the natural capacity of soil primary particles to aggregate under the effect of different binding agents, especially aromatic humic materials associated to amorphous Fe and Al compounds, as well as to polyvalent metal cations (Tisdall and Oades, 1982) . Twelve months of reaction of compost with soil matrix of both soils did not appear sufficient to determine significant effects on the Iif index. This result can be explained by considering that persistent binding agents, which are responsible for the stability of microaggregates, act slower than transient agents in the process of aggregation (Edwards and Bremner, 1967) . In the sandy loam soil, after 24 months (Table 4) , microaggregate stability decreased with increasing rates of URC application, being significant at 6 and 9% rate. This effect persisted, although attenuated, after 36 months, with a significant mean separation at 9% rate.
In contrast to the sandy loam soil, microaggregate stability of the silty clay soil reacted positively to URC addition, although this effect was small, as demonstrated by the values on Table 3 . In fact, after 24 months, differences did not reach the significant level. Only after 36 months a significant difference was observed with rates of URC addition ≥ 3%.
The negative effect of URC on microaggregation of sandy loam soil can be explained by considering that soils need at least 15-20% of clay to form aggregates and to begin to express an aggregate structure in which clay particles can bind the coarser soil constituents and organic matter (Hayes, 1991; Horn et al., 1994) . The amount of clay in this soil, being 17.5%, may not have been sufficient to react with all the organic matter provided by URC.
The decrease of microaggregate stability after 24 months showed a significant linear negative trend with the increase of URC addition in both soils (Table 6 and 7). In the sandy soil this trend persisted after 36 months.
From the positive effect on macroaggregation and negative effect on microaggregation up to 24 months, it can be argued that, for both soils, the predominant effect on aggregate stability may be caused by the binding action of temporary cementing agents (Tisdall and Oades, 1982 ). This argument is strongly supported by the direct observation, during the first year, of a conspicuous fungal mycelium and sporocarps blooming on the surface of URC-added soil boxes only. Although fungal presence was not quantified, its positive effect as binding agent of aggregates (Jackson, 1975; Marshall, 1976) during the three years seems plausible.
Bulk density
Bulk density of the silty clay soil increased with increasing rates of URC supplied to the soil. The statistical significance for the difference, with respect to the untreated soil, was achieved only at 9% rate (Table 3 ). This effect, detected after 12 months, persisted after 24 and 36 months. The increase in bulk density in the silty clay soil in response to compost addition was likely related to the large amount of material with high specific gravity (shell and glass fragments) contained in the compost. This effect was probably not sufficiently counteracted by the supply of organic matter, having lower bulk density, to soil. A significant linear positive trend was detected after 12, 24 and 36 months from URC application (Table 6 ). After 24 months also the quadratic trend resulted significant, showing a steep increase of bulk density above 3% rate. The interaction URC x months resulted significant (Table 8) . Thus, the effect of different rates of URC on bulk density resulted partly time-dependent, probably due to the different microbiological activity in soil when different quantities of organic matter are present (Wander et al., 1994) . The effect of URC on bulk density of the sandy loam soil was the opposite of the effect observed in the silty clay soil (Table 4) . In fact, after 12 and 24 months bulk density decreased with the increase in compost addition, becoming significantly lower than untreated soil at 6% and 9% rate. At 36 months after compost application the effect persisted, although the statistical significance for differences was achieved only at 9% rate. ANOVA analysis demonstrated a significant linear negative trend on bulk density for the sandy loam soil at 24 and 36 months (Table 7) . On the contrary, the trend was not significant after 12 months from URC application. With respect to silty clay soil, the opposite effect of compost on bulk density of sandy loam soil may be explained by the same dilution effect and by the effect of organic matter supplied to soil. In fact, the incorporation into soil of a biomass with a lower content of sand fraction (43.0%) than the sandy loam soil (57.2%) and the supply of organic matter would likely have determined the decrease of bulk density in the sandy loam soil.
Organic matter
The organic matter content of both soils increased with increasing rates of compost addition. In the silty clay soil the effect was almost the same as that observed for the sandy loam soil (Table 3 ). In the silty clay soil, after 12 months the significance for the effect of URC on organic matter was achieved at 9% rate. Furthermore, 3% and 6% resulted intergrades between 0% and 9%. At 24 months from URC application, the differences between means were more significant and the effect persisted at 36 months. In the sandy loam soil, differences were very significant at 12 and 24 months after URC application (Table 4) . In this soil, after 36 months the effect of 3% rate did not differ significantly from 0%, while a significant difference was still present at 6% and 9% rates of URC addition. These findings suggest that the minimum rate of 6% must be applied to achieve a lasting effect on soil organic matter.
Both soils showed a significant linear trend in organic matter after 12, 24 and 36 months (Table 6 and 7). For the sandy loam soil the quadratic trend was significant after 12 and 24 months, showing a rapid increase of organic matter over 3% of URC addition. Furthermore after 36 month the cubic trend also resulted significant. However the cubic trend did not add much to the form of the curve respect to the quadratic trend. The interaction URC x months resulted significant only for the sandy loam soil. For this soil URC rates showed linear trends on times, which are not the same. At 9% URC rate it was observed a decline of organic matter with time that was not present in the range 3-6% of URC addition. Also this effect is probably due to the different microbiological activity during time in soil when different quantities of organic matter are present (Wander et al., 1994) . Results clearly show that the best performance (minimum URC rate combined with maximum effect and duration) for organic matter was obtained at 6% rate of compost application in both soils.
pH and electrical conductivity
As reported in Table 1 , pH of URC was 7.5. This material, when added to the two soils with higher pH, produced a decrease of the pH values in accordance with the increasing rates of compost addition (Tables 3 and 4 ). This effect, was statistically significant after 12 and 24 months in the sandy loam soil at 9% rate of compost addition. The pH of both soils showed significant linear decreasing trends at 12 and 24 months (Tables 6 and 7). In the silty clay soil also the quadratic trend resulted significant at 12 and 24 months. In this soil, over 6% rate of URC addition, the decreasing trend of pH became less pronounced than at 3% rate. The interaction of URC x months resulted significant. However, this effect can be neglected because is much smaller than the main effect (Snedecor and Cochran, 1967) .
Electrical conductivity of the 1:5 soil-water extract significantly increased in both soils after 12 and 24 months, according to different rates of URC addition (Tables 3 and 4) . This variable showed a significant increasing linear trend for both soils after 12 and 24 months.
However, according to Richards (1954) , also the addition of URC at 9% rate did not produce any appreciable increment of salinity in either soil, in relationship to adverse effects on yields of many crops. The significant interaction in both soils between URC and months on electrical conductivity can be explained by considering that the draining effect of rainfall on salts, during the years, acts more intensely at high URC rates of application than at low ones. This may depend on the fact that, contrary to what happens when compost is applied at low rates, at high level of compost addition a higher quantity of ions not linked to the colloidal fraction of soil can be leached by rainfall.
Atterberg limits
Liquid limit increased in accordance with different rates of URC in both soils (Table 5) . Its effect resulted significant at 9% rate for sandy loam soil, while in the silty clay soil it never became significant. Also the plastic limit increased and significance was achieved for the sandy loam soil at 6% and 9% rate of addition.
In the silty clay soil the trends never resulted significant (Table 6) . On the contrary, in the sandy loam soil both Atterberg limits showed a significant linear positive trend (Table 7) . From these findings it is possible to argue that the beneficial effect of URC addition on Atterberg limits is more evident for the sandy loam soil, where organic matter plays a more important role as compared to silty clay soil, which is naturally rich in colloidal fractions.
Penetrometric resistance
Cone resistance, both in dry and wet conditions, increased in silty clay soil due to URC and this effect reached the statistical significance at addition rates ≥ 6% (Table 5) . It can be argued that the increase in cone resistance of the silty clay soil was related to the increase of solid fraction (shell and glass fragments) provided by compost to soil that determines an increase of friction on the cone surface during penetration. This effect was also evidenced by the linear trend detected from the orthogonal contrast analysis (Table 6) .
URC addition at 3% rate to sandy loam soil significantly decreased the cone resistance in dry conditions while, in wet conditions, the decrease in cone resistance was not significant (Table 5) . From the quadratic trend detected in this soil in dry condition (Table 7) , it can be observed a decrease of cone resistance due to URC's addition up to 4.7% rate. Above this quantity, cone resistance increased. From these findings it can be argued that at low rate of compost addition the increase of cone resistance due to solid fragments supplied to soil by URC was less important than the positive counteracting effect of organic matter addition. Over 4.7%, calculated through the quadratic model (Table 7) , the effect of solids became prevalent and the cone resistance increased up to 9% of URC addition. The fact that the same trend was not detected in wet soil condition may have been determined by the increase of soil mois-ture content and especially of organic matter supplied by compost, with consequent decrease of cone resistance.
Available Water Capacity (AWC)
In silty clay soil, 3% of URC addition increased AWC (Table 3 ). This effect was statistically significant (P≤0.05) and still present 24 months after compost application. The URC rates > 3% significantly increased AWC after 24 months.
In sandy loam soil, there was no significant change in AWC before 24 months after URC application. At 24 month URC addition determined a decrease of AWC with respect to not treated soil. The linear trend, detected by orthogonal contrast analysis (Table 7) was not present after 36 months from URC addition ( Table 4) .
The interaction URC x months was significant for the sandy loam soil (Table 8) , probably due to the same reasons that justify the interaction observed in the organic matter content. The opposite effect observed for the two soil types may be due to the increase of the sand fraction, according to the increasing rates of compost application (Table 2 ). In fact, the increase in sand fraction provided by URC might have had a negative effect on the water retention capacity of the soils. On sandy loam soil, which is naturally richer in sand fraction, this negative effect on AWC of the organic matter supplied with compost may have been more effective than the positive one. On the contrary, in the silty clay soil, the naturally higher clay content may have counteracted the negative effect of the increase in sand fraction.
Saturated hydraulic conductivity
The minimum rate (3%) of URC produced a significant positive increase in saturated hydraulic conductivity of silty clay soil (Table 5) by about 1.6 times. In the sandy loam soil 9% compost addition increased hydraulic conductivity by about 8.5 times. In the silty clay soil the same rate increased hydraulic conductivity by about 2.4 times.
The orthogonal contrast analysis demonstrated a quadratic trend of this parameter in both soils. In the silty clay soil also the cubic trend was demonstrated, but it did not add much to the shape of the curve.
The increase of saturated hydraulic conductivity under effect of increasing URC addition can be explained by the corresponding increase in aggregate stability and consequent ameliora- tion of water infiltration (Dexter, 1988) , as demonstrated in Table 3 by the increase in the MWD values observed 12 months after compost addition.
Conclusions
It appears quite evident that the majority of the soil properties investigated were significantly affected by 3% of URC 12 months after addition. At this rate of application, the effect on silty clay soil was significantly positive on Iif index and hydraulic conductivity. On the contrary, significant negative effects were observed on electrical conductivity at 3% rate and on bulk density at 9%. The effect of URC on MWD and AWC became significant and positive after 24 months, at 6% rate. At this time, organic matter resulted significantly increased by URC at 3% rate. In silty clay soil, 6% rate of URC was sufficient to determine a significant negative effect on cone resistance in dry and wet conditions. The effects on Iif, bulk density and organic matter were still present after 36 months from URC application. In the sandy loam soil, after 12 months from 3% rate of URC addition, a positive significant effect was observed on organic matter, and cone resistance in dry soil condition. On the contrary, electrical conductivity was negatively affected by 3% URC addition. At 12 months, the minimum quantity to observe a positive significant difference on bulk density, hydraulic conductivity and plastic limit was 6% and 9% for the liquid limit.
In the same soil, AWC and MWD resulted significantly ameliorated after 24 months at 3% and 9% of URC addition, respectively. On the contrary 9% rate determined a significant negative effect on Iif.
In the sandy loam soil, the effects on MWD, Iif, bulk density and organic matter lasted up to 36 months.
Under these experimental conditions, 3% rate of URC incorporation to soils appears to be the minimum quantity able to improve most of the soil properties influencing fertility. What the results show is that, to achieve sustainability of urban refuse compost application to agricultural soil, further research is needed to investigate soil property changes in the range between 0% and 3%. It can also be argued that repeated application of URC with a high content of inert sandy residues may affect soil textural properties.
This effect can be considered either positive or negative depending on the original physical, chemical and biological characteristics of soil. Therefore, the possible consequences on texture change due to URC application should be included among the criteria that should be taken into consideration when dealing with directives on biomass application to soil.
